Introduction
The study of simultaneous interpreting presents a formidable challenge to the linguist and psychologist alike. Psycholinguistic models meant to shed light on the complexity of the process in question have been developed and refined by several scholars (Gerver, 1976 , Moser, 1978 , Levelt, 1989 , de Boot, 1995 . This paper is a discussion of one of the processes included in these current views of simultaneous interpretation, namely the decoding process usually referred to as "speech perception". This process involves the reception of speech sounds and their decoding into linguistic units. The discussion here is based on experimental research concerned with the perceptual performance of second language (L2) users during the perception of L2 speech. The question immediately arises as to what extent simultaneous interpreters are similar to second language users with respect to speech perception and, consequently, whether or not evidence from the L2 users in the study presented here is of interest in the context of simultaneous interpretation. This question ultimately revolves around the issue of the definitions of "second language", "bilingualism" and how degree of mastery of a language can be assessed. The discussion of these admittedly important issues is, however, beyond the pale of this paper. We will assume that there are professionals in the field of simultaneous interpreting whose mastery of a language is similar enough to that of second language users to make this discussion relevant to the theme of this symposium.
Some background: The Perceptual Invariance problem
A brief historical review of research on second language perception reveals that the current work being done in this field has its roots in the problem of perceptual invariance. This problem, simply stated, concerns how is it possible for a perceiver to interpret what appears to be an inherently ambiguous and varying stimulus as a string of invariant linguistic units. In the case of speech perception the invariant units are those functional or meaningful linguistic entities known as phonemes, morphemes and words. As Strange (1995) points out, there have been at least three important theoretical approaches to the solution of the problem of perceptual invariance (PI). The nativist position expressed by Miller (1976) held that PI was the result of natural categorization given by corresponding innate mental or psychological categories. This view had obvious consequences for linguistic theory since these "natural" ways of perceiving would have profound influence on many aspects of human linguistic intuition and would indeed be at least part of the basis for the universal grammar whose characteristics have been discussed intensively in linguistic research in recent decades. Another theoretical approach to the PI-problem was that of the ecological psychologists James and Eleanor Gibson (Gibson, 1979) . This view rejects the assumption that the speech signal, or in psychological terms the "proximal stimulus" is ambiguous. The information required by the perceiver for the invariant perception which can be observed is, according to this view, present in the signal. Our scientific scrutiny has not, as yet, revealed the nature of this information or how it is organized and used by the perceiver/listener but a series of arguments are presented to support these basic tenants. By far the most dominate theoretical approach to the solution of the PI problem in a linguistic context has been that of associative learning theory. This approach has been applied in many varying contexts and could be generally characterized as proposing that the perceiver associates some experience stored in the long term memory with features of the inherently ambiguous proximal stimulus and by means of an associative or comparative process arrives at the invariant precept. An all important aspect of the associative solution is that it assumes a central representation of the invariant units in long term memory. This representation must be such that it can be used in most of the situations that present themselves to perceivers. Figure 1 illustrates the associative process. (Leeper, 1935) no caption This example illustrates the principle in visual terms. Most people with normal vision cannot interpret the pattern of black patches as something meaningful until they are given a clue, in this case via language, as to how they should associate the pattern with something stored in their long term memory. The title of the picture is "A Boy and His Dog". Given this semantic information, the perceiver is able to use a host of visual representations of these common, linguistically meaningful units (the words "boy" and "dog") to recognize the pattern in figure 1. There is assumed to be some kind of comparative operation behind this associative process. That is, the perceiver compares the incoming information with the representations stored in the long term memory. By the same token, a sound wave, produced by the human vocal apparatus and carrying a linguistic message, is decoded, according to this theoretical approach, by the recognition of acoustic cues which are compared or associated with the linguistic units the talker intended to transmit to the listener. The associative principle has not, however, solved the problem of perceptual invariance in the comprehension of human speech. It has repeatedly been observed that no acoustic cues can be invariantly associated with specific linguistic units. But we understand each other anyway. This variation in the articulatory and resulting acoustic manifestation of spoken language has been a central problem in phonetic and phonological theory for most of this century.
The Phoneme and its perception
The development of linguistic theory during this century and particularly that branch of linguistics known as phonology would have a profound influence on the problem of perceptual invariance as it applies to speech perception. Saussure`s initiation of the Structuralist movement in linguistics and the innovative phonology of Bloomfield could be cited as perhaps the most important prerequisites to the of phonology of the Prague School in which Trubetskoy (1939) and Jakobson (1962) established and refined the theoretical concept of the phoneme. It was the primary unit of speech, originally considered to be an abstract unit with contrastive (distinctive function). Jakobson, Fant and Halle (1952) attempted to define the phoneme in concrete phonetic terms and their work contributed to the theoretical paradigm of categorical perception used extensively in psychology and linguistics. The theoretical idea of the phoneme and the phoneme inventory as part of the linguistic knowledge of the native speaker of human language fit well with associative theory as the prime solution to the problem of perceptual invariance as it applied to the perception of human speech. Each phoneme was ideally associated with a set of acoustic cues which were used by the listener to identify the phonemes in an incoming utterance. Variation in the acoustic identity of a given phoneme was tolerated by the listener as long as the category boundaries were not infringed upon. The category boundaries for acoustic variation were extensively tested with speech synthesis. Systematic step-wise variation of the second formant frequency gave a gradual vowel quality transition between the Swedish long vowels /α/ and /ο/ in "tag" (take) and" tåg" (train) respectively. Instead of a gradual transition in the perception of the word from "tåg" to "tag" there is considerable toleration of second formant frequency variation up to a point at which the perceptual judgments quickly change from "tag" to "tåg". Many experiments of this kind for a variety of languages, while not providing an exhaustive solution to the problem of perceptual invariance, seemed to support the idea of categorical perception and the consequent theoretical position regarding the central or long term memory representation of the phoneme. The phonemes of a language then, were considered to be a language specific inventory of contrastive elements. The units in this phoneme system were each associated with various phonetic characteristics of the phoneme category.
The Phoneme and L2 phonology
There has been considerable interest in the perceptual aspects of the comprehension process in L2-acquisition research. An excellent historical review of relevant studies is provided by Strange (1995) . Most of this work has concentrated on perceptually relevant acoustic features of a particular language specific contrast. Two theoretical concepts which relied heavily on the phoneme category concept have contributed significantly to this focus. One of these was the Categorical Perception (CP) paradigm, the development of which is briefly sketched above. The other was the Contrastive Analysis Hypothesis (CAH). In studies of cross language perception CP was used to establish, through the use of synthetic speech stimuli, the idea that the learning of an L2 phonology was a recategorization process (see figure 2). The main concept underlying the CAH is expressed by Lado (1957) .
..."in the comparison between native and foreign language lies the key to ease or difficulty in foreign language learning..." (p. 1) "We assume that the student who comes in contact with a foreign language will find some features of it quite easy and others extremely difficult. Those elements that are similar to his native language will be easy for him and those elements that are different will be difficult."
This quote expresses one of the main issues in the study of the learning and use of the phoneme system of a second or foreign language which was the search for viable means to explain and predict difficulty for the learners of the phonetics and phonology of an L2. It was assumed that the results of these studies would illuminate theoretical aspects of the perceptual mechanisms which contribute to the successful re-categorization of the array of acoustic input stimuli to fit the phonological categories of the target language. It is important to note that the contrastive analysis referred to as the basis for determining which differences exist in the phonologies of the two languages was one based primarily on contrastive function and had only a loose phonetic connection. Both the CAH and the phoneme based method of error analysis were used in the sixties and seventies to explain difficulty in the learning of L2 phonology. As has been pointed out by (Eckman, 1977) and others this explanation of difficulty in terms of the phoneme categories was only partly successful. The CAH both under and overpredicted difficulty. Current L2 research seems to indicate that one of the reasons for the limited success of the CAH was the almost exclusive use of the contrastive aspects of the phoneme category concept. There seems to be ample evidence now that there is much more phonetic information stored in the long term memory representations than had been assumed by the adherents of the CAH (Strange, 1995) . According to this view, the concept of the contrastive category is intact but it could be rightly called a "phonetic category" with a complex phonetic identity. Flege (1990) has shown that the most basic prediction of the CAH, that of phoneme similarities between L1 and L2 being "easy" for the L2 learner to master and the new or different categories being "difficult" is off the mark. He has found clear evidence for the fact that dissimilar and new categories are easier to master in terms of production and perception than the categories that show similarity to the L1 system. Unfortunately neither the adherents of the CAH nor Flege and his colleagues have successfully defined "phonetic similarity". It would seem more definable, however, with the advent of a more substance based theory with detailed phonetic representation as the basis for category formation. Some important support for the predominance of phonetic representations as a theoretical approach would be the exemplar based model of L1 phonological learning advanced by Lindblom (1997) . The phonetic categories of L2 may be formed in a similar "exemplar based" manner, the phonetic identity of the exemplars which have left a memory trace making up the collective phonetic identity of the category. According to the current view of L2 phonological learning then, the restructuring of the phonetic categories from the L1 structure to an L2 structure is the key to the mastery of second language speech. There is currently still much discussion as to which linguistic, psychological and social factors influence the success or failure of an L2 learner in this restructuring process.
Foreign Accent
Whichever theoretical approach we use to explain and predict L2 learners behavior in the learning of L2 phonology, we must account for the obvious fact that adults are, as a rule, not completely successful in acquiring native L2 speech. They have what is usually known as a foreign accent. In this part of the paper, we will try to shed light on several questions concerning foreign accent. What is foreign accent? What are the main theoretical issues in the study of foreign accent? What does this foreign accent have to do with L2 perception and what consequences would this view of foreign accent have for the simultaneous interpreter? In Crystal´s A Dictionary of Linguistics and Phonetics "accent" is defined as "... The cumulative auditory effect of those features of pronunciation which identify where a person is from, regionally or socially." Foreign accent can thus ..."relate to...national groups speaking the same language (foreign accent, Slavic accent)." The term foreign accent is often used both in a general, non scientific context and as a term describing a linguistic phenomenon which is the object of scientific study in the field of second language acquisition. It refers consistently to the inability of non native language users to produce the target language with the phonetic accuracy required by native listeners for acceptance as native speech. Although there is, in all languages, a fairly large variation in phonetic realization depending on a number of regional, social and stylistic factors, native speakers, presumably because of extensive experience with the language, seem to have little trouble recognizing the deviant phonetic realization of the language usually known as foreign accent.
In an earlier paper (McAllister, 1997) an attempt was made on the basis of some preliminary experimental findings to redefine, or at least, to broaden the concept of foreign accent to include not only the mastery of the production of a second or foreign language but also the mastery of its perception. The generic term "perceptual foreign accent" was introduced to refer to this perceptual correspondent to the term "foreign accent" which, as noted above, usually refers to the production of an L2. Strange (1995) used the term "perceptual foreign accent" to refer to the "significant difficulty" which adults have "perceiving most (but not all) phonetic contrasts that are not functional in their native language" and she notes that this can interfere with learning an L2 phonology. In the present paper, this term is being used to designate the global effect of this perceptual difficulty as measured by a speech comprehension test. It could be reasonably viewed as the net result of the "significant difficulty" referred to by Strange above. The lack of perceptual mastery of the L2 is not so obvious to the outside observer as the deviant pronunciation usually labeled as foreign accent. To the L2 user, however, difficulties of comprehension caused in part by phonetic and phonological factors can certainly be as problematic in the every day use of the L2 as the difficulty in making oneself understood due to non-native pronunciation. The choice of the term "perceptual" in referring to this aspect an L2 user´s performance may require some explanation. In this research, the goal of the perceptual mechanisms in the comprehension process is considered to be lexical access. Semantic interpretation of morphological and syntactic structures as well as pragmatic considerations are, of course, important in the comprehension of spoken language. The main focus of this research, however, is on the decoding process controlled by phonetic and phonological mechanisms and therefore the term "perceptual" would seem most appropriate when referring to these aspects of L2 comprehension. There are several issues in the study of foreign accent which are of general interest in the study of both L1 and L2 acquisition and which have been addressed in the experimental work summarized below. One of the most salient of these concerns the question of the influence of age of learning on the success of L2 acquisition and the viability of the well known "Critical Period Hypothesis" in general. Another important question already mentioned is that of phonological similarity between languages and its connection to the theoretical problem of typological marking which is a classical theme in phonology. An important issue in the study of both L1 and L2 acquisition is the development of the theory of category formation which is not specifically dealt with in the work reported in this paper. Intimately associated with this theoretical problem is that of the relationship between production and perception in the acquisition and use of both L1 and L2 to which our results would seem relevant.
Experiments with perceptual foreign accent

Previous work on the phonetics and phonology of the L2 comprehension process.
There has been relatively little work on the global comprehension of L2. Some noteworthy exceptions to this general observation are Lane (1964) and Oyama (1976) . Florentine (1985) showed clear differences in global L2 perception ability between natives and proficient L2 users in an experiment with the SPIN test (Kalikow, et. al., 1977) and makes the important observation that this phenomenon could have serious implications in many situations where communication in a foreign language takes place under adverse acoustic conditions. Probably an important reason for this lack of research is that this perceptual disability is not as obvious as the production based foreign accent easily heard by the native listener. Since the study of global L2 perception does not deal with specific L2 contrasts, it provides little information on perceptual mechanisms involved in the restructuring of the language specific phonetic categories discussed earlier. It is possible, however, that some important theoretical aspects of the learning process may be revealed, albeit in different terms than the main body of the research which has focused on specific contrasts. Perceptual foreign accent would, however, seem to be of considerable interest in the practical domain of L2 acquisition and perhaps in the training of simultaneous interpreters. The awareness of this phenomenon among L2 and foreign language pedagogues seems, at present, limited. The study and exposure of this aspect of L2 acquisition could, therefore, have important implications for goal specification and content in L2 and foreign language pedagogy. It should be noted that a theoretical position has been taken as to the roll of phonetics and phonology in the speech comprehension process through the choice of the features of the speech comprehension tests used to assess degree of perceptual foreign accent. A more detailed explanation of these theoretical considerations is given elsewhere Dufberg, 1991, McAllister, 1995) . Briefly stated, the tests are constructed with the basic assumption that the listener is using two sources of information to achieve lexical access (Lindblom, 1987) . These two sources are illustrated in figure 3 . The first, the speech wave, labeled in the figure as the "signal dependent information", and second, the knowledge of the phonology of the language being spoken, represented in the figure by the axis marked "signal independent information". A more thorough account of the features of these tests is given below in the methods section.
fig 3 about here figure caption Figure 3 : Model of the relationship between signal dependent and signal independent information for speech comprehension (after Lindblom, 1987) . The less signal dependent information that is available the more signal independent information is needed for comprehension and vice versa.
The studies of global L2 perception reported here have several aims. One is to further establish the existence of this so called perceptual foreign accent by comparing the comprehension performance of natives and L2 users under various conditions. Another is to attempt to relate perceptual foreign accent to other test results relevant to the perception of L2 and to some of the current issues in the study of foreign accent mentioned above. The third is to make a general statement based on these experimental data about the general relationship between the production and perception of an L2. Finally the experimental work will be discussed in the context of simultaneous interpreting.
Methods
Assuming that the main question in this experimental work is: "How successful is the L2 user in decoding spoken L2?", the methodological problems involved in answering this question soon become obvious. In foreign accent studies concerned with success of production in which the same kind of global perspective is taken, the main question could be stated similarly as ", "How successful is the L2 user in encoding or producing L2?". In this case, an explicit baseline is provided by the intuition of the group of native listeners who would judge the L2 speech as deviant or not. In a perceptual study, however, the native perceptual ability must be explicitly measured by means of comprehension tests which reflect the perceptual intuition of the native language user. The obvious methodological challenges, then, have been concerned with the problem of validity in comprehension testing. This rather formidable task of developing a comprehension test battery with a reasonable degree of validity will not be dealt with here in detail. It was however a dominate feature of the work presented here. The result of careful consideration of both theoretical and practical aspects of these tests is reflected in the construction of the battery.
Subjects
The subjects in the perceptual experiments were 40 L2 users of Swedish (20 native speakers of American English and 20 speakers of South American Spanish). These subjects had a similar educational background with at least one year of post secondary education. All subjects were tested with standard pure tone audiometry to establish normal hearing. The test battery described below was administered to all subjects as well as to 10 native speakers of Swedish. Important to note here is that these subjects were all proficient L2 users. Without the perturbations in the test signal (in this case the noise masking) the L2 users performed at the same level as the natives.
L2 comprehension tests
The test battery consisted of the following tests:
1. Psychoacoustic sub battery. This sub-battery is composed of three computerized tests: frequency discrimination, temporal resolution (gap detection), and signal type discrimination. These tests, developed by Risberg and his co-workers at the Department of Speech, Music and Hearing at the Royal Institute of Technology in Stockholm, applied an adaptive procedure for finding a discrimination threshold score for each sub-test.
L2 word recognition in noise.
The word material for this test was selected with regard to frequency in Swedish texts, familiarity (55 native Swedish judges) and was phonetically balanced. The words were presented in noise and an adaptive procedure was used to find a signal to noise ratio representing a 50% comprehension threshold which was the test result. A unique feature of this test is the use of phonological distance metrics (Brodda, 1966) for the evaluation of the subjects´ wrong responses in relation to the target words.
3. "Top-down" test. This test was designed as a measure of the subject's ability to use signal independent information in the speech comprehension process. The phoneme monitoring paradigm was used in which probability of phoneme occurrence in sentence contexts was systematically varied and phoneme recognition time was the test result.
QAR-test (Question and Response).
This test was designed as a global measurement of speech comprehension. It is composed of twenty five short texts, all of which have a comparable syntactic and semantic structure. Following the presentation to the subject of a pre recorded text presented in noise at a predetermined signal to noise ratio, five short yes-no questions on the content of the short text were also presented in noise. According to the adaptive procedure used also in other tests in this battery, the subject's correct or incorrect responses determined the signal to noise ratio of the next text. The test result was a signal to noise ratio at which a 50% comprehension level could be observed. An important assumption of this investigation is that the QAR test is the measurement baseline for test comparisons that are made later in the paper.
The Modified Hearing Measurement
Scale. This is a self assessment test designed to measure the L2 users´ own estimation of their comprehension ability in various hypothetical listening situations. This test was originally designed for hard of hearing patients and modified for use with L2 learners.
6. Use of L2. The subjects also completed a written questionnaire which consisted of a number of questions about their preferred language and everyday language use.
7. Production documentation. The experimental session also included the recording of a short segment of spontaneous speech elicited by asking the subjects to describe a short cartoon story. This material was to be used in the later assessment of L2 production ability.
Judgment of L2 production
Approximately thirty seconds of each the L2 subjects Swedish speech was judged by thirty three native users of Swedish by means of visual analogue scales (Wewers and Lowe, 1990) . The endpoints on this scale were "barely intelligible" Swedish and "very close to or indistinguishable from native Swedish".
Results
In the discussion above as to the aims of the experimental work reported here the status of what has here been called perceptual foreign accent was mentioned. Figure 4 shows the comprehension performance of L2 users and natives as measured by the global comprehension test used in this study. The L2 users display both a larger spread in their L2 comprehension performance and a higher mean signal to noise ratio comprehension threshold than the natives. The difference in mean S/N ratio for the natives and L2 users is comparable to those shown in our earlier work (McAllister, 1995) . A comparison of the means of the two groups by means of a one-tailed t-test showed a difference significant at the .001 level.
Another aim of the experiments reported here was to relate some other factors that might influence PFA to the result of the global comprehension test result. The third aim to be dealt with here is that of an indication of a relationship between production and perception. Figure 5 shows a scatter plot of test results from the global comprehension test against the results of the listener judgments of foreign accent. A linear regression line is also superimposed on the scatter plot. figure caption Figure 5 : Scatter plot comparing production and perception of an L2. The y-axis displays the mean production score for each individual judged by 33 native listeners. The x-axis is the score on the global comprehension test expressed as a signal to noise ratio. It should be noted here that the lower the score (to the left on the x-axis) the better the tolerance of masking noise. A linear regression line has been fitted to the data points.
The Spearman correlation coefficient for the comparison of perceptual foreign accent as measured by the global comprehension test and production foreign accent as measured by the judgments of 26 native Swedes (.37) can also be seen in table 1.
Perceptual Foreign Accent and Simultaneous interpreting
We now turn to a brief discussion of the results of these experiments and their possible relevance for the theme of this symposium. In light of our earlier discussion of the current view of how and L2 phonology may be acquired, foreign accent could be viewed as the result of an unsuccessful reorganization of the system of contrastive phonetic categories of the L1. The information that is to be reorganized is the detailed phonetic identity of the categories. Thus, as the perceptual identity of the L1 categories is restructured, non native phonetic content consisting of residue from the L1 and/or features missed or not correctly identified in the L2 input influence the phonetic make up of the categories in the new L2 system. The result, then, is a system which causes the L2 user to have a foreign accent both in terms of production and perception. Now what about the claim that there is such a thing as perceptual foreign accent? The significant difference in global perceptual performance between the L2 users and the natives shown in figure 4 can be interpreted as further evidence for this phenomenon. Recall that in quiet, the L2 users and the natives displayed nearly identical perceptual performance. When the speech signal is masked by noise the differences in performance can be observed. Although other perturbations of the speech signal have not been tested in this work it seems obvious that they would have the same effect as the masking noise. These perturbations would include an unfamiliar dialect, a foreign accent, a speech impediment or idiosyncrasy particular to an individual talker. The existence of this phenomenon would seem relevant to the training and professional activity of the interpreter in light of our earlier discussion concerning the formation of the phonetically complex distinctive categories in the phonology of a given language user. Deviations from long term memory phonetic detail could cause a deterioration of the ability to decode an incoming signal in the same manner as the masking noise used in our experiments. The collective effect of several of these so called perturbations as well as ambient noise may significantly reduce the ability to decode a speech signal. This must be a common situation for the simultaneous interpreter as well as for the ordinary L2 user. Another of our aims in this work was to investigate the relationship between some factors expected to influence L2 learning and perceptual foreign accent. Table 1 reveals that several factors seem to be related to comprehension ability as measured by our global comprehension test. Among the psychoacoustic test results we find the ability to hear signal type and temporal resolution to be on our list of significant correlation coefficients. The ability to use signal independent information, called "top down" in the table is also included as is the ability to recognize words measured by the word test. The relatively high correlation between the self assessment test result and the global comprehension test provides validity arguments in favor of this measurement instrument. Experience, labeled "years of L2 use" in the table, seems to be an important factor which should be of interest in the context of simultaneous interpreting. Our third aim in the work reported here was to make a general statement about the relationship between production and perception and relate this to interpreting. Figure 5 and the Spearman Rank Order Correlation show a modest but significant correlation coefficient and a considerable spread of the comprehension ability among the L2 users indicating a rather loose relationship. This was an expected result in light of other research on success of L2 learning and individual differences in the degree of that success. Our work indicates that the ability to decode the speech signal in various conditions is an important factor in determining how well an individual L2 learner will be able to produce the target language. There is a considerable body of research which shows, however, that success in L2 learning is heavily dependent on other factors which would seem unrelated to comprehension ability. Gardner and Lambert (1972) and their colleagues have shown a relationship between several motivational factors and success in L2 learning and have developed models of the effect of motivation. Klein and Dittmar (1979) and their colleagues showed considerable influence of identity factors on L2 learners including both ethnic identity and social identity in the L2 social environment. The work of Guiora (et. al. 1967 ) and his colleagues has show a relationship between foreign accent and personality factors which have implications for the individual identity of the L2 user. While only Guioras work has specifically addressed the question of speech learning the other research mentioned would seem intuitively to be even more valid in the context of the learning of pronunciation. We might tentatively conclude, then, that the ability to decode an L2, that which we have also referred to as comprehension ability, is an important factor in how well L2 pronunciation is learned but that there are other important factors which mediate the success of learning L2 speech. In the context of simultaneous interpreting our discussion would lead to the conclusions that first, in the face of various forms of masking and perturbations, interpreters may suffer from the effects of perceptual foreign accent. Secondly, it may be of interest for the recruitment, training and professional activity of interpreters to be aware of the factors which can influence the ability to decode another language. For example, a foreign accent is not a desirable attribute for an interpreter and the less one has, the more easily one will be understood, especially by those listening to an interpreted L2 or L3, whose comprehension, in this situation, will be effected by their own perceptual foreign accent. Finally, perceptual training can be concluded to be an important aspect of learning an L2 phonology, particularly important would be training in natural phonetic variations of the distinctive phonetic categories of the L2.
